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HYBRID ELECTRIC POWER VEHICLE 

BACKGROUND OF THE INVENTION 

This invention relates to electrically powered vehi 
cles, and particularly to hybrid electric power vehicles 
wherein a generator is driven by a heat engine and a 
main battery charged by the generator so that the bat 
tery can operate a motor which drives the vehicle. 
Direct current series motors commonly used for hy 

brid types of electrically powered vehicles have their 
counter electromotive force controlled by the motor 
speed and ?eld current of the motor. As the motor 
speed increases, such motors become less and less ca 
pable of ef?ciently utilizing all the electric power avail- I 
able from this power source at voltages lower than a 
predetermined level. For this reason, the voltage of the 
power source is set high enough to permit high motor 
speeds. 
Such operation of the motor is not desirable because 

the choppers which control the motor supply voltage at 
low speeds become less efficient. To eliminate this dis 
advantage, means have been considered for permitting 
changes in the connection between the generator and 
the main battery from parallel to series or vice versa. 
Thus, the generator and battery may be connected in 
parallel for slow motor speeds and in series for high 
motor speeds. However, when the generator and bat 
tery are connected in series their currents are limited 
to the same value and are supplied to the motor without 
proper selection. Thus, the total power which both of 
them can supply cannot be applied to the motordue to 
the imbalance in the output ratio. Moreover, the drain 
on the main battery is substantially increased. 
An object of this invention is to improve such hybrid 

type electric power sources for motor vehicles. 
Another object of the invention is to improve vehi 

cles of this type. 
Still another object of this invention is to avoid the 

aforementioned dif?culties. 

SUMMARY OF THE INVENTION 

According to a feature of the invention, these objects 
are attained, in whole or in part, by connecting the gen 
erator and the main battery in series with each other 
during high speeds in such a manner that the main bat 
tery only supplements the power the generator is capa 
ble of delivering, and by varying the time during which 
power is supplied by the generator alone and the time 
during which power is supplied jointly by the generator 
and the battery in response to the driving conditions of 
the vehicle. ' 

These features improve the driving performance of a 
vehicle and allows it to operate at high efficiency with 
minimum battery discharge. ' 
These and other features of the invention are pointed 

out in the claims. Other objects and advantages of the 
invention will become evident from the following de 
tailed description when read in light of the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 
FIG. 1 is a block diagram illustrating a hybrid type of 

electric power vehicle embodying features ‘of the inven 
tion; ' 
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2 
FIG. 2 is a circuit diagram illustrating details of a 

power system in the vehicle of FIG. v1; 
FIG. 3 is a circuit diagram illustrating the control sys 

tem for the circuit of FIG. 2; 
FIG. 4 is a graph illustrating the characteristic curve 

of detectors used in connection with the circuits and 
systems disclosed in FIGS. 1 to 3; . 
FIG. 5 is a diagram illustrating the switch-over pat 

terns for the circuits in FIGS. 1 to 3; 
FIG. 6b is a block diagram of a circuit usable in the 

arrangement of FIGS. 1 to 3 for producing another 
switch-over characteristic; 
FIG. 6a is a diagram illustrating the switch-over char 

acteristics of the circuit of FIG. 6b; 
FIGS. 7a to 7d are time voltage graphs illustrating 

conditions of various points in the circuits of FIGS. 1 
to 3 when the generator and the battery are connected 
in parallel; and - 

FIGS. 8a through 8h are voltage-time diagrams illus 
trating the voltages appearing at the various points in 
the circuit of FIGS. 1 to 3 when the generator and bat 
tery are connected in series. 

DESCRIPTION 'OF PREFERRED EMBODIMENTS 
In FIG. 1, a hybrid electric power vehicle V embody 

ing this invention includes a heat engine 1 which drives 
a generator 2. According to one embodiment of the in 
vention, the generator 2 is a DC generator. According 
to another embodiment of the invention, the generator 
2 is an AC generator having a recti?er system. A main 
battery 3 receives a charge from the generator 2 and a 
DC series motor 4 moves the vehicle. A main circuit 10 
controls the motor 4 with power from the generator 2 
and the main battery 3. An accelerator-pedal position 
sensor 30 detects the position of an accelerator pedal 
P to determine the amount that the pedal is depressed. 

A motor current sensor 40 detects the motor 
operating current delivered by the main circuit 10 to 
the motor 4. A motor speed sensor 50 detects the ro 
tary speed of the motor. A switch-over control circuit 
60 connects the generator 2 either in parallel or in se 
ries with the main battery 3 in response to the operating 
state of the vehicle determined by the relation between 
the amount which the accelerator pedal P is depressed 
and the speed of the motor 4. A power distribution con 
trol circuit 65 sets the power distribution in response to 
the motor‘ current and accelerator pedal depression, 
particularly when the generator 2, and main battery 3 
are connected in series. 
FIG. 2 illustrates the relationship between circuit 10, 

the battery 3, and the motor 4. In FIG. 2, the generator 
2 is embodied as a three-phase generator with a three 
phase recti?er 11 using diodes 11A. For simplicity, the 
reference numeral 2 in FIG. 2 identi?es the generator 
alone without the recti?er 11. 
The output of the AC generator 2 energizes the 

motor 4 through the recti?er ll composed of diodes 
11A. The normally closed relay contact. 13 and a diode 
14 connects the main battery 3 in‘parallel with the rec 
ti?er 11, when a thyristor 15 is non-conductive. Thus, 
the main battery 3 is effectively connected parallel to 
the generator 2 (either including or excluding the recti 
?er 11) by rendering the thyristor l5 non-conductive 
and closing the contact 13. The main battery 3" is effec 
tively connected in series with the generator 2 by turn 



3,837,419 
3 

ing on the thyristor l5 and making it conductive and 
opening the contact 13. 

In the main circuit 10, a thyristor 12 controls the 
motor 4. The latter is connected in parallel with a com 
mutation circuit 20 composed of a diode 16, a thyristor 
17 for turning off the thyristor 12, a capacitor 18, and 
a coil 19. A reactor 21 and a ?ywheel diode 22 smooths 
the operating current of the motor 4 when the battery 
and generator are connected in series as well as in par 
allel. Control means (not shown) control the generator 
2 to produce a constant voltage high enough to charge 
the main battery 3. The three thyristors 12, 15, and 17 
are rendered conductive only after being triggered with 
trigger signals applied between the gates and cathodes 
12g and 12c, 15g and 15c, and 17g and 17c. The com 
mutation circuit 20 serves to turn off the conducting 
thyristor 12. When the thyristor 17 is triggered to be 
come conductive, it makes the capacitor 18, which has 
been charged as shown in FIG. 2, discharge so that cur 
rent flows from the capacitor 18 through the conduc 
tive thyristor 17. Owing to the inductance of the coil 
19, the capacitor 18 takes the reverse polarity when the 
above current has decreased to zero. The capacitor 18, 
which is now charged in the reverse polarity, urges cur 
rent to ?ow through the thyristor 12 in the reverse di 
rection so that the thyristor 12 is turned off. After turn 
ing off the thyristor 12, the capacitor 18 is charged 
again by the battery 3. This chopperoperation pro 
duces pulsating power which is supplied to the motor 
4 
With this arrangement, the connection between the 

generator 2 and the battery 3 is changed from parallel 
to series and back. In the parallel connection, constant 
voltage is supplied intermittently to the motor 4. The 
voltages are determined'by the generator 2 and the 
main battery 4 and the thyristors l2 and 17 turned on 
in that order. A control system to be described periodi 
cally ?xes the time for turning on the thyristor 17. The 
time at which the thyristor 12 or power supply is turned 
on varies, depending upon the operating state of the ve 
hicle. 
When the generator 2 and battery 3 are connected in 

series, the generator output only is supplied to the 
motor 4 by turning on the thyristor 12 with the three 
thyristors 12, 15, and 17 turned on in that order. After 
turning on the thyristor 15, the main battery output is 
added. A control system to be described periodically 
fixes the time for turning on the thyristors 12 and 17. 
The time when the thyristor 15 is turned on, and hence 
the ratio of battery output to generator output, is deter 
mined on the basis of the operating condition of the ve 
hicle. 
The aforementioned control system which operates 

the three thyristors l2, l5, and 17, and the relay 
contact 13 is illustrated in FIG. 3. Here, the pedal P, 
when moved, moves a variable contact 31 along a resis 
tance member 32 in a variable resistor 33 in the accel 
erator pedal detector 30. A voltage is connected across 
the resistor 32, one end of which is grounded. Included 
in the detector 30 is an adder 34 composed of a resis 
tance and an operational ampli?er connected to the 
contactor 31 and an input connected to the negative 
terminal of the DC source. A capacitor 35 connected 
parallel to the adder 34 removes noise. An inverting 
ampli?er 36 provides the output from the pedal posi 
tion detector. ' 
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The variable resistance 33 varies in response to the 

degree of depression of the accelerator pedal P. A posi 
tive voltage proportional to the resistance and a nega 
tive voltage from the constant DC voltage source are 
added. Thus, the positive and negative voltages are pro 
duced in proportion to the amount that the pedal is de 
pressed as shown in FIG. 4. ‘ 
The current detector 40 includes the shunt resistor 

41 located at a measuring point between the generator 
2 and the motor 4 in the main circuit 10 and an opera 
tional ampli?er 42 arranged similar to the operational 
ampli?er in the pedal position detector 30. As shown 
in FIG. 4, positive and negative voltages are produced 
in proportion to the motor current. 

In the motor revolution detector 50, an AC generator 
53 is composed of a permanent magnet 51 mechani 
cally coupled to the rotor of the motor 4 and a stator 
winding 52 to detect the magnetic ?ux interlinked with 
the rotor. A four-way recti?er 54 converts the output 
voltage of the stator winding 52 from AC to DC. An op 
erational ampli?er 55 arranged similar to the one in the 
accelerator pedal position detector 30 produces the 
output signal of the motor revolution detector 50. With 
such an arrangement, the AC voltage induced in the 
stator winding 52, which is proportional to the rotary 
speed of the magnet 51 and the motor 4, is converted 
into direct current by the full wave recti?er 54 and the 
current is then supplied to the operational ampli?er 55. 
Thus, as shown in FIG. 4, positive and negative voltages 
are produced in proportion to the motor speed. 
The switch-over control circuit 60 is generally com 

posed of a running state check circuit 80, a switch-over 
sequence circuit 90 and a relay contact operating cir 
cuit 100. In the running state check circuit 80, a resis 
tor 81 connected to the pedal position detector 30 and 
a resistance 82 connected to the motor'revolution de 
tector 50 supply the pedal position detector and motor 
revolution detector output signals to a comparator 85 
composed of an operational ampli?er 83 and Zener di 
odes 84. A resistor 86 and an inverting ampli?er 87 
form a feedback loop to prevent hunting in the compar 
ator 85. Another inverting ampli?er 88 forms an output 
for the check circuit 80. 

In the check circuit 80, signals indicating motor 
speed and the amount of accelerator pedal depression 
are compared in order to check the operating .state on 
the basis of change-over pattern predetermined by vari 
ous dimensions in the individual sections as shown in 
FIG. 5. More speci?cally, in such an arrangement, sig 
nals responding to motor revolutions and to the depres 
sion amount of the accelerator pedal are applied as in 
puts for checking the running state by comparison with 
change-over patterns predetermined by various dimen 
sions in individual sections from their relation, as 
shown in FIG. 5. ' 

Positive output signals are produced only‘when the 
series connection is required for high speed drive. 

In the embodiment of FIG. 5, change-over points are 
indicated on a single slope. In the operation of a run 
ning state check circuit 80' as shown in FIG. 6(a), com~ 
posed of two check circuits 81' and 82' having differ 
ent change-over patterns and NAND gate 83' to carry 
out logic operations for two outputs, it is possible to 
change the slope of the switch-over or change-over 
points. 
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In FIG. 5 and FIG. 6 (b), solid lines indicate switch 
over points from parallel to series connection while the 
broken lines from series to parallel connection. 
The switch-over or change-over sequence circuit 90 

includes an AND gate 93 andan OR gate 94 connected 
directly, or indirectly through a capacitor, to the run 
ning state check circuit 80. When the check circuit 80 
supplies positive signals, a positive output appears at 
the OR gate 94 earlier then they appear at the AND 
gate 93. The time difference is determined by the time 
required to charge the capacitor 92. However, negative 
signals appearing at the output of the circuit 80 causes 
a zero to appear immediately at the output of the AND 
gate 93, while a zero does not appear at the output of 
the OR gate 94 until the capacitor 92 has had a chance 
to discharge. 

In the relay contact operating circuit, a transistor 101 
receives signals from the OR gate 94 at its base. Tran 
sistor 102 having its base and collector connected to 
the emitter and collector of the transistor 101, and its 
collector to an exciting coil 103, actuates a normally 
closed relay contact between the collector of the tran 
sistor 102 and the positive terminal of the constant 
voltage source. When output signals are supplied from 
the OR gate 94, the transistors 101 and 102 are ren 
dered conductive so as to excite the coil 103 and open 
the relay contact 13. _- ' 
When the vehicle travels at a low speed correspond 

ing to a point, determined by the amount that the accel 
erator pedal P is depressed and by the motor-speed, lo 
cated in the characteristic of FIG. 5 to the left of the 
solid and broken lines, the accelerator pedal position 
detector 30, the motor speed detector 50, and the con 
trol circuit 60 leaves the relay contact 13 in its nor 
mally closed position and connects the main battery 3 
and the generator 2 in parallel with each other. By con 
trast, when the vehicle travels at high speed corre 
sponding to a point located to the right of the solid or 
broken line in FIG. 5, the relay contact 13 is opened. 
This releases the main battery 3 from its parallel con 
nection with the generator 2. The battery 3 is then con 
nected in series with the generator 2. 
The function of controlling the allotment of power 

required by the motor to the battery and the generator 
is performed by a ratio control circuit 65. The latter is 
composed of an operational circuit 70, the trigger 
switch-over circuit 110, a reference generator 120, 
pulse width modulators 130 and 140, and trigger gener 
ators 150 and 160. 
The operational circuit 70 produces an output repre 

senting the difference between the amount the acceler 
ator is depressed and the motor current. This is accom 
plished by applying the output of the motor current 
sensor 40 to an operational ampli?er composed of 
input resistors 72 and 73, base amplifier 74, and feed 
back resistor 75. An inverting ampli?er 71 applies the 
output of the pedal position detector 30 to the input re 
sistor 72. Since the inverting ampli?er has inverted the 
polarity of the pedal position detector, and the two 
input voltages are added by the input resistors 72 and 
73, the output of the operational circuit 70 represents 
the difference between the amount the accelerator 
pedal P has been depressed and the motor current. 

In the trigger switch-over circuit 110, the base of a 
transistor 112 is connected to the AND gate in the se 
quence circuit 90. A collector-resistor 111 energizes 
the collector of transistor 112 from the positive termi 
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6 
nal of a constant voltage source whose negative termi 
nal energizes the emitter. Cascade-connected with the 
transistor 112 is a transistor 113 whose base is con 
nected to the collector of transistor 12 and whose col 
lector and emitter are energized from the terminals of 
the constant voltage source in the same manner as the 
transistor 112. A Zener diode 114 shunts the collector 
emitter path of transistor 113. Four diodes 115, 116, 
117, and 118 form a bridge circuit between two resis 
tors that connect the bridge circuit to the terminals of 
the constant voltage source. The source feeds a small 
current from an output terminal a to an output terminal 
a’ through two input terminals b and b’. The opera 
tional circuit 70 supplies the input to the input terminal 
b’ while the transistor 112 supplies the voltage to the 
input terminal b. 

In the circuit 110, when positive-going signals are 
supplied by the AND gate 93 of the circuit 90, the tran 
sistor 112 is rendered conductive and the transistor 113 
is turned off. Consequently, a positive voltage, stabi 
lized by the Zener diode 114, is supplied to the input 
terminal b. When the transistor 112 is rendered non 
conductive by a low signal or the lack of a signal at the 
output of AND gate 93, the input terminal b becomes 
negative. The voltages are arranged so that the positive 
voltage at the input terminal b is higher than the voltage 
at the terminal b' from the operational circuit. 

In view of the above, with a series connection, signals 
from the AND gate 93 cause the diodes 118 and 116 
to become conductive. Thus, the voltage at the input 
terminal b appears at the output terminal a’ while the 
voltage at the input terminal b’ appears at the output 
terminal a. On the other hand, during parallel connec 
tion, without signals from AND gate 93, the diodes 115 
and 117 are rendered conductive. The voltage of the 
input terminal b’ then appears at the output terminal a’, 
while a negative voltage appears at the output terminal 
a. 

The voltages at the outputs a and a’ are used in pulse 
width modulators 130 and 140 together with the saw 
tooth output of a reference generator 120. ' 

In the reference'generator 120, a unijunction transis 
tor 121 has its first base and emitter connected to the 
positive terminal of the constant voltage source 
through resistances 122 and 123. A pulse transformer 
124 connects the second base to the negative terminal 
of the source while a capacitor 125 is connected be 
tween the emitter and the negative terminal. The sec 
ondary of the pulse transformer 124 includes output 
leads 17c and 17g which provide output pulses between 
the cathode and gate 17g of the thyristor 17. The lead 
17g is connected to the gate and the lead 17c to the 
cathode. In operation, the capacitor 125 charges 
through the resistor 123 and applies its voltage to the 
emitter of the unijunction transistor 121. When the 
voltage across the capacitor 125 reaches the peak 
point, the unijunction transistor 121 is rendered con 
ductive. This rapidly discharges the capacitor 125 and I 
reduces the emitter voltage. It also turns off the uni 
junction transistor 121. The capacitor 125 then again 
charges at a rate determined by the resistance of resis 
tor 123 and capacitance of 125 until the peak point of 
the transistor 121 is reached again. The capacitor then 
again discharges and turns off the unijunction transistor 
121. With each discharge of the capacitor 125 through 
the conducting unijunction transistor 121, the trans! 
former 124 applies a trigger to its secondary winding. 
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The voltage at the emitter of the unijunction transistor 
121 represents a sawtooth. 
The two pulse width modulators 130 and 140 receive 

the sawtooth waveform from the reference generator 
120 at one of their respective pair of terminals. In the 
pulse width modulators, comparators 131 and 141 op 
erate similarly to the running state check circuit 80. As 
stated, one input of each is connected to the emitter of 
the unijunction transistor 121 and the reference gener 
ator 120. The other input of the pulse width modulator 
130 receives its signal from the output terminal a’ of 
circuit 110. The other input of the pulse width modula 
tor 140 receives its signal from the output terminal a of 
the circuit 110. 
Each of the pulse width modulators 130 and 140 pro 

duces negative or positive signals whose polarity is the 
reverse of the polarity of the sum of the signal from the 
circuit 110 and the sawtooth waveform at the emitter 
of unijunction transmitter 121. In the condition that a 
positive voltage appears at the output terminal b and is 
applied to the ?rst pulse width modulator 130, when 
the sawtooth wave signals are changed from positive to 
negative, this changes the output signals quickly from 
positive to negative. When a voltage is applied to the 
input terminal b’, the output signals are changed from 
positive to negative more quickly with higher voltages 
and more slowly with lower voltages. This produces 
square wave pulses. 
On the other hand, voltages at the input terminal b’ 

and the negative voltage appearing at the output termi 
nal a in the circuit 110 are applied to the second pulse 
width modulator 140. In the former case, the output 
signals are changed from positive to negative more 
quickly with higher voltages and more slowly with 
lower voltages as in the ?rst pulse width modulator. In 
the latter case, the output signals are kept positive as 
a result of the sum of two inputs which are made nega 
tive at all times. Since the positive voltage at the input 
terminal b to be‘ applied to the ?rst pulse width modula 
tor 130 is kept unchanged, the timing for switching 
over the output signals from positive to negative is ?xed 
after the fall of the sawtooth wave. 
The trigger generators 150 and 160 have unijunction 

transistors 151 and 161 similar to the reference genera 
tor 120. Pulse transformers 152 and 162 form an out 
put along secondary leads 12g, 120, 15g, and 150. Ca 
pacitors 153 and 163 are charged at the taps of variable 
resistors 154 and 164 which receive current when tran 
sistors 155 and 165 conduct. The transistors 155 and 
165 also supply current from the constant voltage 
source to one of the bases of each of the unijunction 
transistors 151 and 161. The emitters of transistors 155 
and 165 are connected to the positive terminal of the 
constant voltage source while the collectors are con 

’ nected to the ?rst bases of the unijunction transistors 
151 and 161. Input transistors 156 and 166 operate the 
transistors 155 and 165. The'collector-emitter path of 
each of the transistors 156 and 166 receives its current 
through the emitter base junctions of the transistors 
155 and 165. The transistors 156 and 166 respond to 
the outputs of the pulse width modulators 130 and 140. 

When the output from the ?rst pulse width modula 
tor 130 is positive, the biasing voltages in the trigger 
generator 150 turns the transistors 156 and 155 con 
ductive. This charges the capacitor 153 through the 
variable resistance 154. The latter is adjusted so that 
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8 
the charging voltage across the capacitor will not turn 
the unijunction transistor 151 conductive. When the 
input signal at the base of the transistor 156 is changed 
from positive to negative, the transistors 155 and 156 
are rendered non-conductive. This causes the second 
base voltage of the unijunction transistor 151 to drop 
sharply. The peak point voltage then becomes equal to 
the voltage charge across the capacitor 153 and turns 
on the transistor 151. The capacitor 153 discharges and 
produces trigger signals in the pulse-transformer 152. 
Two output leads 12g and 12a of the pulse transformer 
152 apply the triggers to the cathode 12c and gate 12g 
of the thyristor 12. 
The trigger 160 operates similarly and supplies trig 

ger signals from leads 15g and 150 to the gate 15g and 
cathode 150 of the thyristor 15 at each positive to nega 
tive transition of the pulse width generator 140. No 
trigger signals are produced during the positive state of 
the output signals from the pulse width modulator 140. 

The operation may be best appreciated from FIGS. 
7a through 8h. The sawtooth waveform at the emitter 
of unijunction transistor 121 in the referenceoscillator 
120 appear as the curve X in FIG. 7a. The trigger sig 
nals at the secondary of transformer 124 occur during 
each voltage decline of the waveform X and are shown 
in FIG. 7b as they appear at the gate of thyristor 17. 
Thus, when the vehicle operates at low speed, and neg 
ative signals are produced in the running state check 
circuit 80 which indicates the relation of the amount 
that the accelerator pedal P is depressed with the motor 
speed, and when the negative voltage applied from the 
terminal a in the circuit 110 to the second pulse width 
modulator 140 is indicated by Y, the thyristor 15 is ren 
dered non-conductive so as to connect the main battery 
3 in parallel to the generator 2. This involves the relay 
contact 13 being in its normally closed position. It oc 
curs because the absolute value of Y is larger than the 
voltage level of the sawtooth waves as shown by the 
lines -—Y in FIG. 7a. Thus, X+Y cannot be positive, and 
trigger signals are not applied for second trigger gener 
ator 160 to the thyristor 15. 

In this case, assuming signals from the operational 
circuit 70 to be Z, —Z is within the voltage level shown 
in FIG. 7a and X+Y becomes positive at a point where 
they cross. Output signals from the first pulse width 
modulator 130 are switched over from positive to nega 
tive, and trigger signals as indicated in FIG. 70 are pro 
duced so as to turn on the thyristor 12. The voltage thus 
applied to the motor by the thyristor 12 has the pulse 
waveform shown in FIG. 7d. The on time of the motor 
lasts from the time the thyristor 12 is turnedon to the 
time the thyristor 17 is turned on. That is to say, voltage 
thus applied to the motor turns off the thyristor 12 is 
then transformed into pulse waveforms having ON time 
equal to the period from turning on the thyristor 12 to 
turning on the thyristor 17 as indicated in FIG. 7d. 
When the speed is increased by depressing the accel 

erator pedal further, signals from the operational cir 
cuit 70 have a value Z' larger than Z. The first trigger 
generator 150 produces signals earlier with the value, 
—-Z’ as shown in FIG. 7a. The thyristor 12 is thus turned 
on earlier as indicated by the broken line in FIG. 7d. 
This makes the time during which the motor is on 
longer and the power is increased. 
When the vehicle runs at high speed, and the circuit 

80 produces positive signals on the basis of the degree 
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to which the accelerator pedal is depressed and the 
motor speed, the relay contact 13 opens as follows. 
Sawtooth waves X are generated as indicated in FIG. 
8a as mentioned before. This produces trigger signals 
at the gate of the thyristor 17 as indicated in FIG. 8b. 
If a positive voltage Y’ is applied from the outside ter~ 
minal a’ in the circuit 110 to the ?rst pulse width modu 
lator 130, the value —Y' is within the voltage level of 
the sawtooth waves as indicated in FIG. 8a. The value 
X+Y becomes positive where they cross. Thus, output 
signals from the ?rst pulse width modulator 130 change 
from a positive level to a more negative level so as to 
produce the trigger signals indicated in FIG. 8e and 
turn on the thyristor 12. Thus, current applied to the 
motor 4 is on from the time the thyristor 12 is turned 
on to the time the thyristor 17 is turned on as indicated 
in FIG. 8f. The current has a value determined by the 
generator. 
At the same time, signals from the operational cir 

cuits 70 reach the second pulse width modulator 140 
and trigger signals are produced as indicated in FIG. 80. 
These signals turn on the thyristor 15. In this manner, 
the main battery 3 is connected in series with'the gener 
ator 2. Current having a_value determined by the main 
‘battery, is fed to the motor 4 from the time the thyristor 
15 is turned on to the time the thyristor 17 is turned on. 
Consequently, a voltage which is the sum of the main 
battery 3 and the generator 2, is applied to the motor 
4 as indicated in FIG. 8h. Thus, when the speed is de 
creased and the response to a decrease in the extent to 
which the accelerator pedal P is depressed, signals Z" 
from the operational circuit 70 appear in FIG. 8a as in 
dicated by —Z”. The time for turning on the thyristor 
15 is delayed to that shown by the broken line. This re 
sults in a reduction of the output voltage for the main 
battery 3. When the sequence circuit 90 changes the 
battery 3 and the generator 2 from the parallel to series 
connection, the relay contact 13 is opened before trig 
ger signals are produced. Conversely, when the change 
is from series to parallel connection, the relay contact 
is closed after turning the thyristor l5 non-conductive. 

As described above, and in accordance with the hy 
brid electric wheels of the suspension, the generator 
and the battery are connected in series so that the out 
put from the main battery may alleviate the shortage of 
the generator output according to their output ratio 
when the vehicle is running at high speed. As a result, 
the discharge from the main battery can be greatly re 
duced from that of the simple series connection under 
the same driving conditions. The continuous driving 
distance is extended in series connection. Battery life 
is prolonged. The overall thermal efficiency of the driv' 
ing system, including the heat engine, is improved. 
Moreover, the state of series connection time for signle 
power supply by the generator 2, and the time for the 
joint power supply by the generator 2 and the main bat 
tery 3, can be varied automatically. This is done in de 

. pendence upon the operating condition of the vehicle, 
the amount that the accelerator pedal P is depressed, 
and the motor current. 
According to another embodiment of the invention, 

the DC series motor may be replaced by a thyristor mo 
tor, a transistor motor, or a combination of an AC 
motor and a frequency converter. Transistors may be 
substituted for the thyristors. 
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While embodiments of the invention have been de 

scribed in detail, it will be obvious to those skilled in 
the art that the invention may be otherwise embodied. 

What is claimed is: 
l. A hybrid type electric power drive apparatus for 

a vehicle having an accelerator pedal, comprising a 
heat engine, a generator driven by said heat engine, a 
main battery, coupling means between said battery and 
said generator for connecting said battery and said gen 
erator in parallel so that said generator charges said 
battery and for connecting said generator and said bat 
tery in series, main circuit means for controlling the 
power from said battery and said generator, a DC 
motor for driving the vehicle with power from said 
main circuit means, detecting means for detecting the 
degree to which the accelerator pedal is depressed and 
for detecting the current supplied to the motor as well 
as the speed of the motor, ratio control circuit means 
coupled to said detecting means and responsive to the 
relation between the degree of depression of the accel 
erator pedal and the motor speed and coupled to said 
coupling means and said main circuit means for causing 
said main circuit means and said coupling means to es_ 
tablish a ratio between the generator and battery out 
put in response to the relationship between the degree 
of depression of the accelerator pedal and the motor 
speed. 

2. An apparatus as in claim 1, wherein said ratio con 
trol circuit means ‘further includes an operational cir 
cuit for producing signals in response to the difference 
between the degree‘ of depression of the accelerator 
pedal and the motor current, a reference generator for 
producing signals to interrupt said main circuit at a 
?xed time, a ?rst signal generator for generating signals 
for rendering said main circuit conductive for a ?xed 
period when predetermined conditions are satis?ed in 
the relationship between the degree of depression of 
the accelerator pedal and the motor speed, a second 
signal generator for generating signals so as to operate 
said coupling means in response to signal values from 
said operational circuit so that the ?nal output 'may be 
supplied with a battery output to supplement the out 
put of the generator. 

3. An apparatus for powering an electric vehicle, 
comprising generator driving means, generator means 
responsive to said generator driving means for produc 
ing an electric current, battery means, motor means for 
rotating in‘response to current applied thereto, and 
control means for producing a speed vdemand indica 
tion; signal means responsive to combinations of the 
speed of said motor means, the current of said motor 
means, and the output of the control means for produc 
ing combination signals which .de?ne a high speed 
range and a low speed range, and switch means respon 
sive to said signal means for connecting said generator 
means in parallel with said battery means when the sig 
nals of said signal means de?ne a low range andfor dis 
connecting said generator means from said battery 
means and then intermittently connecting the said bat 
tery means in series with said generator means when 
the signals de?ne a high range. 

4. An apparatus as in claim 3, wherein said switch 
means intermittently connects the battery means in se 
ries with the‘generator means for time periods depend~ 
ing upon the magnitude of ‘the signals within the high 
speed range. 
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5. An apparatus as in claim 3, wherein said generator 
means includes a first pair of terminals and said battery 
means includes a second pair of terminals, said switch 
means including a pair of series connected switches 
connected between one pair of terminals and forming 
a common junction, one of the terminals of the other 
pair of terminals being connected to the common junc 
tion, said switch means including a diode connecting 
the second terminal of said other pair of terminals to 
one of the terminals of the one pair of terminals, said 
switches being operated by said signal means so that 
only one or the other is closed at one time. 

6. An apparatus as in claim 3, wherein said generator 
means includes a pair of generator terminals and said 
battery means includes a pair of battery terminals, said 
switch means including pair of switches connected in 
series with each other and between said generator ter 
minals and forming a common junction, said switch 
means further including a diode connecting one gener 
ator terminal to one battery terminal, the other battery 
terminal being connected to the common junction, said 
signal means closing said switches only one at a time. 

' 7. An apparatus as in claim 6, wherein said signal 
means operates said switches so that the switch be 
tween the diode and the battery means is on for time 
periods depending upon the magnitude of the signals 
within lhe high-speed range. 

8. An apparatus as in claim 3, wherein regulating 
means control the current flow from said generator 
means to said motor means, said signal means further 
including an operational circuit for producing signals in 
response to the difference between the speed demand 
indicated by said control means and current to the mo 
tor, a reference generator coupled to said regulating 
means for producing signals to cause said control 
means to interrupt current ?ow t0 the motor at a ?xed 
time, a ?rst signal generator for generating signals for 
rendering the regulating means so that it conducts cur 
rent for a ?xed period when predetermined conditions 
are satis?ed in the relationship between the speed de 
mand of said control means and the motor speed, a sec 
ond signal generator for generating signals so as to op 
erate said switch means in response to signal values 
from said operational circuit so that the switches con 
nect the battery means and the generator means in se 
ries with each other. - 

9. An apparatus as in claim 8, wherein said generator 
means includes a ?rst pair of terminals and said battery 
means includes a second pair of terminals, said switch 
means including a pair of series connected'switches 
connected between one pair of terminals and forming 
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a common junction, one of the terminals of the other 
pair of terminals being connected to the common junc~ 
tion, said switching means including a diode connecting 
the second terminal of said other pair of terminals to 
one of the terminals of the one pair of terminals, said 
switches being operated by said signal means so that 
only one or the other is closed at one time. 

10. An apparatus as in claim 8, wherein said genera 
tor means includes a pair of generator terminals and 
said battery means includes a pair of battery terminals, 
said switch means including a pair of switches con 
nected in series with each other and between said gen 
erator terminals and forming a common junction, said 
switch means further including a diode connection one 
generator terminal to one battery terminal, the other 
battery terminal being connected to the common junc 
tion, said signal means closing said switches only one at 
a time. > 

11. An apparatus as in claim 3, wherein regulating 
means control the ?ow of current between said genera 
tor means and battery means and said motor means; 
saidsignal means including a a saw tooth signal genera 
tor, signal applying means coupled to said signal gener 
ator and said control means for causing said regulating 
means to cut off current ?ow to said motor means at a 
predetermined point in each cycle of the saw tooth gen 
erator, ?rst comparator means responsive on the one 
hand to the output of the control means and the speed 
of the motor means and on the other hand the voltage 
of said saw tooth generator for producing an electrical 
indication which, causes the regulating means to turn on 
the motor current, and second comparator means re 
sponsive on the one hand to the relationship between 
the speed ,of the motor means and the control means 
and on the other hand to the voltage of said saw tooth 
generator for producing a second electrical indication 
which causes said switch means to place said generator 
means and said battery means in series with each other. 

12. An apparatus as in claim 11, wherein said genera 
tor means includes a pair of generator terminals and 
said battery means includes a pair of battery terminals, 
said switch means including a pair of switches con 
nected in series with each other and between said gen 
erator terminals and forming a common junction, said 
switch means further including a diode connecting one 
generator terminal to one battery terminal, the other 
battery terminal being connected to the common junc 
tion, said signal means closing said switches only one at 
a time. 

* * * * >l= - 


